The terpenic compositions of two populations of Parentucellia viscosa growing in the west-central and southern parts of the Iberian Peninsula have been studied. Seven labdadienes were identified from the former population, whereas the main terpenic constituents of the latter were ent-clerodadienes. The biosynthetic significance of this dramatic change in the diterpenic distribution of both populations is discussed.
Parentucellia viscosa
L. Caruel (family Scrophulariaceae) is a hemyparasitic annual herb that grows in Euromediterranean countries. In previous chemical studies of the constituents of various Parentucellia species, gardoside methyl ester, bartsioside, aucubin, melampyroside, shanzhiside methyl ester and 8-epiloganin were isolated from a polar extract of Parentucellia viscosa L. [1] , whereas several labdane and clerodane diterpenes were identified from the aerial parts of Parentucellia latifolia [2, 3] . In this work, we report the isolation and structural elucidation of known diterpenes with labdane (1-7, 11) and clerodane (8-10) frameworks from two well differentiated populations. A discussion about the differences found on their composition and their chemotaxonomic relevance is presented.
The hexane extract of Parentucellia viscosa collected in Cantagallo (Salamanca, Spain) was fractionated into an acid and a neutral fraction. The acid fraction was methylated, and the methyl esters were subjected to column chromatography over silica gel to afford the following known diterpenes: methyl labda-8,13E-dien-15-oate (1) [4] , methyl labda-7,13E-dien-15-oate (2) [5] , methyl labda-8(17),13E-dien-15-oate (methyl anticopalate) (3) [6] , methyl 7-oxo-labda-8,13E-dien-15-oate (4) [7] , methyl 8α-hydroxy-labd-13E-en-15-oate (5) [8] . Column chromatography of the neutral fraction led to the isolation of labda-7,13E-dien-15-ol (6) [4] and labda-8(17),13E-dien-15-ol (7) [9] . Compound 3 was found to be the main component of the hexane extract of the plant. When a similar study was carried out with a polulation of P. viscosa collected in South Spain (Linares, Jaén), the clerodane diterpene methyl cleroda-3,13E-dien-15-oate (8) [10] was found to be the most abundant diterpene. Aside from 8, cleroda-3,13E-dien-15-yl, methyl malonate (9) [3] and labdane 5 were also isolated from the acid fraction. The study of the neutral fraction led to the isolation of cleroda-3,13E-dien-15-ol (10) [11] and labd-13E-ene-8α,15-diol (11) [12] .
The presence of both labdanes and clerodanes as the most abundant diterpenes occurring not only in P. viscosa but also in P. latifolia seems to constitute a chemotaxonomic characteristic of the genus Parentucellia. In addition, the existence of two welldifferentiated chemotypes for P. viscose also deserves comment. Thus, the chemotype growing in Cantagallo contained only labdane diterpenes, whereas the population from Linares is characterized by possessing mainly clerodanes -90% of the total of diterpenic compounds. The remaining diterpenes in the latter chemotype were labdanes hydroxylated at C-8. The functional and structural features of the diterpenes found in these two populations led us to propose for both frameworks the biosynthetic route depicted in Scheme 1. This proposal suggests that both labdanes and clerodanes would share not only the same precursor, but also the first steps of their biosynthesis. Thus, the enzymatic acid-induced cyclization of geranylgeranyl pyrophosphate I would proceed through monocyclic intermediate II towards labdenyl carbocation III. Intermediate III would then evolve either towards the different labdanes of the Cantagallo chemotype (1-4, 6 and 7) via proton loss at C-7, C-8 or C-11, via hydration to labdanes 5 and 11, or finally to clerodanes 8-10, which only appear in the chemotype from Linares via the corresponding rearrangements. In the latter population, changes in the spatial orientation of the geranylgeranyl pyrophosphate cyclase should keep apart the basic centers responsible for the elimination of H-7 or H-17, thus permitting the hydration or rearrangement of III. The differences found in the composition of the secondary metabolites of these two populations of Parentucellia is not an isolated fact in the Scrophulariaceae family. In fact, three different chemotypes have been reported in the botanically closely related species Bellardia trixago. These chemotypes were found to differ in whether the primary component was, respectively, geranyl geraniol, trixagol or labda-7,13E-dien-15-ol [13] . The fact that changes in the geographic location of a species may cause a substantial alteration of its chemical composition opens a new route to biotechnological control of secondary metabolites, control that could be further orientated to the production of high added-value compounds. (6), and 62 mg of labda-8(17),13E-dien-15-ol (7) .
Dried and finely powdered aerial parts of P. viscosa (0.4 kg) from Linares (Jaén, Spain) were extracted with hexane in a Soxhlet system. The hexane extract (25 g) was fractioned with 1N NaOH (5 x 125 mL) in neutral (2.9 g) and acid (17.7 g) fractions. The acids were methylated with diazomethane obtaining 18.5 g of methyl esters. A 2.2 g portion of this fraction was subjected to column chromatography (50 g SiO 2 ; hexane/t-BuOMe 4:1, 3:1, 2:1): four fractions (Fr. 1-Fr. 3) were collected. Fr. 2 (1 g, hexane/t-BuOMe 4:1) was rechromatographed to isolated 390 mg of methyl cleroda-3,13E-dien-15oate (8) , and 98 mg of cleroda-3,13E-dien-15-yl, methyl malonate (9) . Fr. 3 (0.2 g, hexane/t-BuOMe 3:1) was rechromatographed to isolate 71 mg of 5.
The neutral fraction (2.9 g) was subjected to column chromatography (50 g SiO 2 ; hexane/t-BuOMe 9:1, 8:2, 7:3, 1:1): three fractions (Fr. 1-Fr. 3) were collected. Fr.2 (1 g, hexane/ t-BuOMe 8:2) was rechromatographed to yield 636 mg of cleroda-3,13E-dien-15-ol (10) . Fr. 3 (25 mg, hexane/t-BuOMe 1:1) contained labd-13E-ene-8α,15-diol (11) .
